. Recentry, we reported that in 5-day cyclic rats a minute amount of estradiol (E2) implant in the amygdala (AMYG) and in the bed nucleus of stria terminalis (BST) at 12:00 on the day of diestrus II advanced ovulation by one day (Kawakami et al., 1975; Kawakami and Kimura, 1976a (Kato and Villee, 1967; Stumpf, 1971 ; Pfaff and Keiner, 1973) . Therefore, the present experiment was designed to emphasize the most effective sites of E2 positive feedback to induce gonadotropin release. Simultaneously, the positive feedback effects of estrone (E1) and progesterone on the release of ovulatory hormones were also investigated. Effects of double injection of E2 on serum LH concentrations. In the ovariectomized rats to which the second injection of 20 pg E2 was sc given at noon on Day 3, 72hr after the first treatment on Day 0, serum LH levels estimated at 18:00 on that day were increased (Fig. 1, left) , being not significantly different from those estimated on the same day and time in rats subjected to only one treatment. Serum LH levels became two and a half-folds higher at 18:00 on Day 4.
Sodium pentobarbital (31.5mg/kg) ip injection at 13:45-13:50 on Day 3 or Day 4 completely blocked the serum LH increment at the evening of that day but neither blocked in the evening of the following day (Day 4 or Day 5) ( Fig. 1, left ment the rise of serum LH concentrations was confined only around 18:00.
Effects of E2 and E1 implantation in the suprachiasmatic (POSC) and the periventricular (POP) portions in the preoptic area 72hr after E2 injection. The earlier data (Kawakami et al., 1975) revealed that crystalline E2 implants in the MPO at noon 72hr after E2 treatment failed to induce the increment of serum LH concentrations at 18:00 on the day of implantation. However, among the preoptic area E2 as well as E1 implants in the POSC and the POP at noon 72hr after E2 injection induced serum LH 2-fold more at 18:00 on the day of implantation (Fig. 2, left) than they did on the same day and time in nonimplanted animals. The transient increase Serum LH in ovariectomized rats following one dose injection of 20 pg estradiol and after estradiol-primed with subsequent implantation of estradiol, estrone (left) and progesterone (right) in the suprachiasmatic portion of the preoptic area (POSC). Each value is the mean from 6 rats. Serum LH and FSH in ovariectomized rats after estradiol-primed with subsequent implantation of estradiol in the periventricular portion of the preoptic area.
of serum LH in the implanted animals was further observed at 18:00 on the following 3days (Fig. 3) . The POSC and the POP were suggested to be the effective sites for the positive feedback of E2 and E1. Nevertheless, in the 5-day cyclic rats, advanced ovulation occurred in only 3 out of 16 cases following the E2 implantation in the POSC and the POP at 12:00 on diestrus II.
Effects of E2 injection on serum LB concentrations in ovariectomized rats with lesion in the POSC.
Bilateral lesions in the POSC were performed simultaneously with ovariectomy. Serum LH levels were high compared with those seen in rats without ovariectomy even in these animals 3 weeks after ovariectomy. E2 injection at noon lowered serum LH levels at 18:00 on the day of treatment and the levels remained low till noon on Day 3. The second injection of E2 performed at ovariectomized rats with twice injections of E2 was reestablished (Fig. 6, left) . Effects of E2 or E1 administration on serum LH concentrations in ovariectomized rats with septal ablation.
The septal region as well as the m-AMYG has been suggested to be the facilitatory sites for LH release according to the experiments of electrical stimulation and lesions (Everett, 1964; Terasawa, 1971) .The septum was damaged in the MPO-roof cut procedure, thus the region was selectively ablated for the purpose of elucidating its particular role in E2 feedback action.
Septal ablation did not significantly interfere with the ovariectomized high serum LH levels. E2 injection, either single or double, and E2 followed by E1 injection were given on the same schedule time as in MPO-roof cut animals.
The single injection of E2 remained to suppress effectively ovariectomized serum LH levels at 18:00 on the day of treatment (Fig. 6, right) and the ablation did not disturb the recovering LH levels at 18:00 on Day 4.
The septal ablation did not affect the results the twice E2 injections would produce in ovariectomized rats. The non-significant increase at 18:00 on Day 3 and the overshoot increase at 18:00 on Day 4 were evidently preserved in septum-ablated animals by twice injections (Fig. 6, right) .
Additionally, E1 administration following E2 injection in septum-ablated animals remained to induce effectively the LH peak increase at 18:00 on Day 4, as the peak was reproducible in MPO-roof cut subjects.
Discussion
In this experiment, an increase in LH levels was observed in the ovariectomized rats 6hr and 30hr after the second E2 injection. Caligaris et al.(1971) 18:00. This suggested the 24-hour periodicity of the neuronal mechanism and its highest activity which involved LH secretion and also suggested the independence of the mechanism of the circadian fluctuated levels of the blood E1 (Kawakami and Kimura, 1976a) . The experiment with nembutal supported that the neurogenic mechanism was the basic and important mechanism for LH release and that E2, regardless of the dose of injection, activated the 24-hour periodicity of LH secretion by driving the neurogenic mechanism governing LH release (Everett and Sawyer, 1950) . Electrophysiologically, the activities of the MPO in rats with hypothalamic island showed the 24-hour periodicity (Kawakami and Kimura, 1976b) . In the present experiment, the 24-hour periodicity of LH secretion almost disappeared by the POSC lesions, while LH secretion in MPO-roof cut and septum-ablated rats showed the periodicity. These findings suggested that the POSC played an important role in operating the 24-hour periodicity of LH secretion.
Recently we reported the responsiveness to E1 and irresponsiveness to E2 implants of the main part of the MPO in terms of gonadotropin release (Kawakami et al., 1975; Kawakami and Kimura, 1976a) . However, the present study, indicated the responsiveness of the POSC and the POP to both E2 and E1. The result likely suggested a part of the preoptic area as one of the positive feedback sites of the two estrogen derivatives. The magnitude of the responsiveness seemed to be not so great that the ovulation could occur, for E2 injection at 12:00 on diestrus II simultaneously with MPO-roof cut neither advanced ovulation nor resulted in the serum LH increase at 18:00 on the day following the treatment in the 5-day cyclic rat (Kawakami and Kimura, 1976a) whereas E2 injection and implants either in the m-AMYG or in the BST at 12:00 on diestrus II in rats advanced ovulation by one day. This led to the speculation that E2 excitation of the medial preoptico-hypothalamic axis alone is not sufficient for the completeness of ovulatory LH release, unless the integrity of extrahypothalamic influences as the limbic system per se is achieved. Despite, E2 as well as E1 implants in the POSC and the POP in E2-primed rats (single injection of E2) fruitfully induced the serum LH increase in the evening for 4 consecutive days. This and the forementioned findings on the MPO-roof cut rats suggested two possibilities for the involvement of the preoptic area in LH release, namely, under the existence of a limited dose of E2 the area involves in the mechanism for the 24-hour periodicity of tonic LH discharge, and it certainly is involved in the mechanism for triggering the phasic LH release even though not so strong as the involvement of the m-AMYG and the BST. Additionally, in the septal ablation experiment in which the huge junction between the limbic system and the preoptic area was disrupted but the preoptic area was secured ; the positive feedback response to the injection of E2 on LH release remained and was similar to those obtained in ovariectomized rats without brain ablation.
This indicated the existence of the by-pass fibers at the outside of the septum of the main estrogen sensitive afferent pathways from the m-AMYG to the preoptic area on one hand and the intrinsic sensitivity of the preoptic area to E2 for LH release on the other. On the contrary, when MPO-roof cut was operated at 0.9mm (A= 7.9) more anteriorly, double E2 injection produced serum LH changes similar to those measured in the non-cut ovariectomized animals (Kawakami and Yoshioka, unpublished observation) , this suggested the existence of the dorso-vertical centrifugal connections from the extrahypothalamic sites for E2 positive feedback action to the preoptic area. Moreover, bilateral lesions in the suprachiasmatic region of the female rats induced constant vaginal estrus (Hillarp, 1949; Taleisnik and McCann, 1961) and failed to prevent ovariectomized high plasma LH (Antunes-Rodrigues and McCann, 1967 ). The present results on the POSC-lesioned rats agree with the latter finding.
The gonadal steroid inhibitory feedback mechanism functions normally in the POSClesioned rats. Moreover, the lack of phasic LH increment in these rats led to the speculation that the POSC would work synergistically with other extrahypothalamic area else, i.e., the limbic system to trigger the ovulatory LH release. There is also a possibility that the POSC would be a region into which fibers arisen from the mechanism for triggering the ovulatory LH release would converge and the interference at the POSC would result in the constant estrous syndrome. Presumably, the present findings and others as above mentioned can be taken into account as the incidences that the m-AMYG and the BST response to circulating E2 and exert their E2-induced excitatory neural discharge over the preoptic area.
The synergistic activity of the limbic system, i.e. the m-AMYG and the BST, and the preoptic area would account for the completeness of ovulatoryLH surge. This postulation woud be supported, for m-AMYG stimulation increased the multi-unit activities in the MPO as well as in the arcuate nucleus (Kawakami and Kimura, 1976a) , and besides, resulted in LH increase and/or ovulation in intact rats. All the events were hampered in the MPO-roof cut-bearing animals.
On the other hand, almost all of the rats bearing MPO-roof cut resumed 4 or 5 day vaginal cycles within 5 to 7 weeks after showing a variable period of diestrus or irregular cycles (Kawakami and Kimura, 1976a) . It seemed likely that the hypothalamic area itself including thepreoptic area was capable of carrying out the control of cyclical gonadotropin release regardless of the extrahypothalamic i.e. the limbic system influences.
Instead, the occurrence of compensatory function in the hypothalamus was suggested since the implantation of E2 in the MPO on diestrus II in 5-day cyclers bearing MPO-roof cut successfully advanced ovulation by one day, though the number of ovulated ova was relatively small (Kawakami and Kimura, 1976a) . Moreover, the preoptic area has been shown to be the site for positive feedback action of E2, and in addition, the present result confirmed the Barraclough's (1964) about the progesterone stimulatory effect on the periventricular portion of the medial preoptic area. The implantation of progesterone in this area and progesterone injection after E2 priming induced a remarkable increase of serum LH. Thus the compensatory mechanism in the hypothalamus, especially the preoptic area was supportable.
Furthermore, the function of progesterone in relation to the reproductive cyclic phenomenon has long been questionable. Interestingly, in company with the 24-hour periodicity of LH increase following the single injection of E2, the present result demonstrated the facilitatory potency of progesterone on LH increase on the day of treatment and the inhibitory potency on the day following the treatment, the inhibitory potency of progesterone seems to be essential for the beginning of estrous cycle, for progesterone is the hormonal factor which lowers the rise of ovulatory LH surge, then the initiation of the next cycle occurs, and addingly, progesterone has a similar effect on FSH, i.e. potentiates the FSH increment on the day of administration and the next day on which high FSH levels are presumably required for follicular growth. This effect strengthens progesterone as the steroid which functionally cuts out and sets off the cycle.
